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ABSTRACT
Objective: To evaluate the efficacy of eLearning in the
widespread standardised teaching, distribution and
implementation of the Chelsea Critical Care Physical
Assessment (CPAx) tool—a validated tool to assess
physical function in critically ill patients.
Design: Prospective educational study. An eLearning
module was developed through a conceptual
framework, using the four-stage technique for skills
teaching to teach clinicians how to use the CPAx.
Example and test video case studies of CPAx
assessments were embedded within the module. The
CPAx scores for the test case studies and demographic
data were recorded in a secure area of the website.
Data were analysed for inter-rater reliability using
intraclass correlation coefficients (ICCs) to see if an
eLearning educational package facilitated consistent
use of the tool. A utility and content validity
questionnaire was distributed after 1 year to eLearning
module registrants (n=971). This was to evaluate
uptake of the CPAx in clinical practice and content
validity of the CPAx from the perspective of clinical
users.
Setting: The module was distributed for use via
professional forums (n=2) and direct contacts (n=95).
Participants: Critical care clinicians.
Primary outcome measure: ICC of the test case
studies.
Results: Between July and October 2014, 421
candidates from 15 countries registered for the
eLearning module. The ICC for case one was 0.996
(95% CI 0.990 to 0.999; n=207). The ICC for case two
was 0.988 (0.996 to 1.000; n=184). The CPAx has a
strong total scale content validity index (s-CVI) of 0.94
and is well used.
Conclusions: eLearning is a useful and reliable way of
teaching psychomotor skills, such as the CPAx. The
CPAx is a well-used measure with high content validity
rated by clinicians.
INTRODUCTION
Intensive care unit-acquired weakness
(ICUAW) often leads to prolonged periods
of mechanical ventilation and life-changing
disability,1 with patients demonstrating
reduced ﬁtness and health-related quality of
life up to 5 years after discharge.2 For these
patients, early rehabilitation and mobilisation
is essential, facilitating liberation from mech-
anical ventilation, optimising recovery and
improving the chance of survival.3–5 As more
people are surviving critical illness, the
problem of ICUAW and the health economic
impact is growing. Hence, in 2009, the
National Institute for Health and Care
Strengths and limitations of this study
▪ A number of new functional assessment tools
have been developed and validated to assess and
measure intensive care unit-acquired weakness
(ICUAW); however, no educational package to
allow widespread and standardised implantation
of these tools in clinical practice exists.
▪ This study demonstrated that eLearning modules
aimed at teaching clinicians how to use func-
tional assessment tools, such as the Chelsea
Critical Care Physical Assessment (CPAx) tool,
can be an effective way of delivering
worldwide-standardised education and facilitate
consistent clinical implementation.
▪ This study supports the inter-rater reliability of
the CPAx tool; however, as these data are based
on video footage of patient assessments, not
real-time patients, there may be some confoun-
ders, such as environmental and proprioceptive
factors that limit the extrapolation to clinical
practice.
▪ The CPAx is a widely used measure in England
(43.3% of adult ICUs), and its use has facilitated
implementation of the National Institute for
Health and Care Excellence (NICE) guidelines for
Rehabilitation after Critical Illness (March 2009).
▪ Further research is required to explore how func-
tional assessment tools such as the CPAx can be
used to facilitate the rehabilitation process and
how eLearning can be used in the teaching of
psychomotor tasks.
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Excellence (NICE) introduced clinical guideline 83
(CG83), entitled ‘Rehabilitation after Critical Illness’.3
This guideline recommends regular comprehensive
assessment of physical disability associated with ICUAW,
but due to a dearth of validated measurement tools,
they were unable to make recommendations regarding
the most appropriate objective assessment tool to use.
A number of measurement systems have been devel-
oped in the past 5 years to address this and allow the
accurate objective assessment and monitoring of ICUAW.
These include the Chelsea Critical Care Physical
Assessment (CPAx) tool,6–8 the Physical Function ICU
Test-scored (PFIT-s)9 10 and the Functional Status Scale
for ICU (FSS-ICU).11 As ICUAW is a latent trait, under
classical test theory, all of these measures require psycho-
metric evaluation for reliability, validity and responsive-
ness. This has been completed to varying degrees with
each of these scores and all have demonstrated strengths
and limitations.12
The CPAx tool speciﬁcally has demonstrated validity
and reliability in the general ICU population and
responsiveness in the burn ICU population.6–8 In the
development of the CPAx, one of the key aims was sim-
plicity around teaching, implementation, utility and
understanding. Traditionally, physical therapy assessment
tools are distributed through the use of scientiﬁc jour-
nals. Most of these tools have no training resource or
come with simple instructions. Some of the more
complex systems, for example, the Functional
Assessment Measure (FAM), mandate that therapists
attend a training course; this has obvious implications in
terms of resources.13 Hence, in-house teaching from
senior to junior clinicians has become the norm. This
informal teaching is important in the assessment of a
psychomotor task; however, a more structured consistent
teaching method would be beneﬁcial to ensure reliable
tool administration. One such approach is via an
eLearning package.
eLearning allows students to access educational
resources globally, which are repeatable, cheap and con-
venient (provided they have the internet access and
hardware required).14 15 They can also be interactive,
with video demonstrations that help to facilitate the
learning of practical skills. Hence, this may be a novel
and effective way of distributing practical education on
the consistent use of assessment tools such as the CPAx.
The aims of this project were to:
1. Analyse the use of eLearning as a method for teach-
ing clinicians how to implement the CPAx tool
consistently.
2. Evaluate the content validity of the CPAx tool from
the perspective of those currently using it.
METHOD
Ethical approval
Under current UK research governance rules, this
project was deﬁned as service improvement and did not
require research ethics approval or formal consent of
participants.
Content and development of the eLearning module
To establish a conceptual framework and learning objec-
tives for the CPAx eLearning module, meetings with
senior physiotherapists using the CPAx tool within
London were conducted. This highlighted the essential
content of the eLearning module. Applying the four-
stage technique of skill acquisition (ﬁgure 1)16 to this
information, the following learning objectives and
module chapters were identiﬁed:
Learning objectives
Primary
To understand how to use and implement the CPAx in
clinical practice.
Secondary
1. To understand the rationale for the development of
the CPAx tool.
2. To understand the CPAx development process.
eLearning module chapters
▸ Registration page to collect demographics (ie, job
role, contact details, workplace and the number of
years of clinical experience).
▸ An explanation of the development of the CPAx.
▸ Breakdown of how the CPAx tool is administered.
▸ Video footage of a demonstration CPAx assessment
and discussion between the two physiotherapists com-
pleting the assessments to provide the rationale for
each score given.
▸ Two interactive test case studies for the learner to
assess on the CPAx are included. Following comple-
tion of their assessment, an ideal score is revealed
and a video of discussion between two physiothera-
pists to explain why that score was allocated.
▸ Recommendations on how to use and implement the
CPAx.
Once the content of the module was compiled, it was
formatted into PowerPoint and sent out for review by
the senior physiotherapists involved. The ﬁnal edit was
formatted into the online eLearning module, designed
to take 40–60 min to complete. The web link to the
module is http://cpax.ocbmedia.com.
The data from the registration page and the CPAx
scores for the test case studies are stored in a secure
area in the website. Once the module is complete, a cer-
tiﬁcate is provided and the CPAx documentation is avail-
able for download in pdf format.
Case study participants
For the video case studies, three current patients with
ICUAW were approached. Patients were intentionally
selected to represent three different scores on the CPAx
scale. This is because the CPAx is an ordinal scale, so
the consistency of scoring needed to be evaluated
throughout.
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Permission to ﬁlm patients was granted by the
Caldicott Guardian and Communications manager at
the local hospital. A patient information sheet was pro-
vided and written informed consent was gained. As this
was considered an educational tool, the need for formal
approval was waived. The consent process was video
recorded.
The video case studies were a real-time video record-
ing of the patient being assessed by their familiar, treat-
ing physiotherapist(s) either in their usual place of
therapy, that is, the ICU bed space, or the gym. There
was no change to the clinical care of the patient during
this time. The lead researcher and cameraman directed
the camera angles to try to ensure that all components
of the CPAx assessment were captured. The videos were
edited and embedded within the eLearning module.
Pilot
The eLearning module was sent out via email for pilot
testing to a convenience sample of eight acute hospitals.
Those data collected from the case studies were tested
for reliability using intraclass correlation coefﬁcients
(ICCs). Following completion of the module, an elec-
tronic survey to analyse the usability of the eLearning
module was distributed to identify any improvements
needed (see online supplementary appendix 1).
During the pilot stages, 61 participants registered for
the module, from 18 UK and 1 Greek hospital. The
eLearning module is reported automatically as ‘com-
pleted’ or ‘started’ depending on whether all chapters
have been accessed and ﬁnished; 26 candidates com-
pleted the entire module. A total of 30 people com-
pleted case study 1 and 28 completed case study 2; both
case studies were accessible to all registrants. The ICC
for average measures for pilot case study 1 (n=30) was
0.989 (95% CI 0.976 to 0.997). The ICC for pilot case
study 2 (n=28) was 0.981 (95% CI 0.959 to 0.994).
Changes made following the pilot
A total of 17 (65.4%) of the 26 ‘completers’ responded
to the evaluation questionnaire, which led to some
changes to the content of the module: the video footage
was shortened; a statement was included to advise candi-
dates to complete the module in a quiet room with
adequate audio volume; the CPAx development team
members were described; a CPAx level descriptor pdf
document was made available for download in the case
study chapter of the module for cross-referencing with
the case study. Owing to poor correlation between raters
in the assessment of sitting balance, case study 2 was
reﬁlmed with a different patient at a similar functional
level, to determine if this was due to reliability of the
CPAx, image quality or inadequacies of psychomotor
education via two-dimensional (2D) imagery.
Distribution and evaluation of the eLearning module
The ﬁnal link to the eLearning module was distributed
for use on 14 July 2014 via the Chartered Society of
Physiotherapy (CSP) forum, on the MedConcert ICU
Recovery Network, and emailed out to all interested
centres (n=95). On 9 October 2014, the two test case
study CPAx scores were extracted for analysis. One year
after distribution of the module, an electronic CPAx
utility questionnaire was emailed to all eLearning
module registrants (see online supplementary appendix
2). The questionnaire also contained two content valid-
ity questions (questions 11 and 12) asking clinicians to
rate the content of the CPAx, that is, the relevance of
the component parts and the appropriateness of the
breakdown of the level descriptors. These data were
used to determine the content validity of the CPAx tool
using an item and a total scale content validity index
(i-CVI and s-CVI, respectively)17; this is an index of the
proportion of clinicians endorsing the content of the
tool. Expert content validity of the CPAx had already
been established in the initial development of the tool.4
The purpose of this further testing was to establish the
CVI of the CPAx in those physiotherapists using the tool
regularly in clinical practice.
Statistical analysis
Data were analysed using Prism 6 (GraphPad, La Jolla,
California, USA) and IBM SPSS Statistics V.22. The total
CPAx score and individual breakdown of the scores were
tested for normality using D’Agostino and Pearson
omnibus normality test; where normally distributed,
scores were reported as means and SDs; where data were
skewed, median range and IQR were reported. ICC for
agreement between raters for a two-way random model
for absolute agreement was analysed.
The CPAx utility questionnaire results are presented
using descriptive statistics, primarily percentages. The
Figure 1 Four-stage technique
of skill acquisition.16
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i-CVI is the number of clinicians rating the components
(items) of the CPAx and the Guttman scaling as ‘highly’
or ‘quite’ relevant divided by the total number of clini-
cians. The s-CVI is the mean of the individual i-CVI’s for
each component part. A ﬁgure of above 0.80 is consid-
ered acceptable content validity.17
RESULTS
Demographics
Table 1 shows the demographics of the healthcare pro-
fessionals registered for the eLearning module.
Intraclass correlation coefficient (reliability)
The median (range and IQR) for each component part
of the CPAx is reported in table 2.
The ICC for case one (n=207 items) was 0.996 (95%
CI 0.990 to 0.999). The ICC for case two (n=186 items)
was 0.988 (0.996 to 1.000). When divided into quartiles
by years of experience, there was no difference in the
ICC for each subgroup.
Content validity index
Table 3 shows the i-CVI and s-CVI for the CPAx score.
CPAx utility questionnaire
On 4 August 2015, 971 clinicians had accessed the
eLearning module, all of which were emailed the utility
questionnaire. A total of 67 of these emails did not go
through, leaving a ﬁnal total of 899 candidates.
CPAx usage
The total questionnaire response rate was 37.4%
(n=336/899); however, some participants did not
respond to some of the questions. As a result, the sum of
the response rate for the individual questions does not
always equal the sum of the response rate for the survey.
Of the respondents, 76.7% (n=262/333 respondents)
used the CPAx in clinical practice. The majority of these
were in the UK (n=226). In England, there was at least
one clinician from 43.3% of all adult acute National
Health Service (NHS) trusts (n=68/157); further users
were in Ireland, Switzerland, the USA, Australia, South
Africa and Canada.
Of those reporting to use the CPAx (n=262), 56.5%
(n=130) of question responders (n=230) did not use any
other assessment tool; 14.4% (n=33/230) had a locally
designed assessment tool; 16.5% (n=38) used the
Medical Research Council (MRC) sumscore of muscle
strength and 15.7% (n=36) used grip strength
dynamometry.
Of those not using the CPAx (n=71), 45.8% (n=27) of
question responders (n=59) were not using any formal
functional assessment tool and 27.1% (n=16) had a
locally designed assessment form. However, a number of
other measures were being used. The most common
Table 1 Demographics of module registrants between
July and October 2014
Number of healthcare
professionals, n (% of total
registrants)
All registrants 421
Completed case study 1 277 (65.7%)
Completed case study 2 184 (43.7%)
Country, n candidates (centres)
England 306 (134)
Scotland 26 (10)
Wales 16 (6)
Ireland and Northern Ireland 16 (10)
The USA 13 (12)
Australia 12 (7)
Canada 10 (4)
Not known 9 (NA)
Denmark 3 (3)
Switzerland 3 (2)
Belgium 2 (1)
Brazil 1 (1)
Japan 1 (1)
South Africa 1 (1)
Sweden 1 (1)
Professional background n (%)
Physiotherapist 382 (90.7%)
Nurse 17 (4.0%)
Other 6 (1.4%)
Rehabilitation assistant 5 (1.2%)
Occupational therapist 4 (1.0%)
Academic 2 (0.5%)
Medical doctor 2 (0.5%)
Unknown 2 (0.5%)
Speech and language therapist 1 (0.2%)
Years of clinical experience, median
(range (IQR))
8 (0–40 (3–15))
NA, not applicable.
Table 2 Median (range and IQR) of case study CPAx
scores
CPAx
component
Case study 1
(n=208)
Case study 2
(n=186)
Respiratory
function
2 (0–4 (1–2)) 4 (1–5 (4–4))
Cough 1 (0–4 (1–2)) 4 (1–5 (4–4))
Rolling 1 (0–3 (1–2)) 4 (2–5 (4–5))
Supine to
sitting on the
edge of the bed
1 (0–3 (1–1)) 3 (1–5 (3–4))
Dynamic sitting 2 (0–4 (1–3)) 5 (2–5 (5–5))
Sit to stand 2 (0–3 (1–2)) 5 (2–5 (4–5))
Standing
balance
1 (0–2 (1–1)) 4 (2–5 (2–4))
Transfers 1 (0–2 (1–1)) 4 (0–5 (4–4))
Stepping 0 (0–1 (0–0)) 4 (2–4 (4–4))
Grip 0 (0–1 (0–1)) 2 (1–5 (2–2))
Total 12 (2–18 (10–13)) 39 (18–45 (38–40))
Data reported as median (range (IQR)). The score range for each
component of the CPAx is 0–5. The maximum aggregate CPAx
score is 50.
CPAx, the Chelsea Critical Care Physical Assessment.
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were the MRC sumscore (n=11; 18.6%), hand-grip dyna-
mometry (n=7; 11.9%), the Barthel Index (n=6; 10.2%)
and the Functional Independence Measure (n=6;
10.2%).
The primary reasons reported by question respon-
dents (n=211) for using the CPAx were that it was
simple to use (n=167; 79.2%), validated in this popula-
tion (n=148; 70.1%), quick to complete (n=110; 52.1%)
and easy for staff to understand (n=130; 61.6%); 13.7%
(n=29) of clinicians reported that patients found this the
most useful measure, and 8.5% (n=18) said that it was
recognised by other services.
Question respondents (n=261) reported using the
CPAx to assess patients three times a week (n=64;
24.5%), twice a week (n=48; 18.4%), once per week
(n=59; 22.6%) or when the patient showed signs of
improvement (n=25; 9.6%). The CPAx was used rou-
tinely on all critical care admissions by 33.5% (n=87) of
question responders (n=260); however, the majority had
inclusion criteria: ICU length of stay of over 48 h (n=44;
25%) or over 72 h (n=46; 26.1%); a set period of time
on mechanical ventilation (n=11; 19.4%); diagnosed
ICUAW (n=46; 26.1%); suspected ICUAW (n=62;
35.2%); patients categorised as level 2, that is, high
dependency (n=21; 11.9%), or level 3, that is, intensive
care patients (n=21; 11.9%) or the presence of a trache-
ostomy (n=24; 13.64%).
CPAx ‘pros’ and ‘cons’
Two (0.66%) of all respondents (n=305) reported no
beneﬁts in using the CPAx; 83.9% (n=256) felt that it
helped the clinician to monitor patient progress; 59.0%
(n=180) felt that it helped the patient to monitor their
own progress; 48.5% (n=148) felt that it gave structure
to the physical assessment; 32.1% (n=98) felt that it
helped to teach junior staff; 35.4% (n=108) found that it
improved team communication; 58.7% (n=179) found
that it assisted in adherence with NICE CG833; 72.1%
(n=220) felt that it assisted in therapy goal setting and
41.0% (n=125) found that it helped to motivate patients
during rehabilitation.
When asked about the negatives of the CPAx, 53.9%
(n=138) of question respondents (n=256) did not report
any negatives. However, 16.0% (n=41) reported that it
was too time-consuming; 5.1% (n=13) reported that it
was too complex; 5.1% (n=13) felt that it was a ‘paper
exercise’; 12.5% (n=32) said that it can be demotivating
for the patients if they do not make progress; 7.4%
(n=19) said it was not responsive enough and 6.6%
(n=17) found some discrepancies between raters. The
hand-grip component was also felt to be complex by
5.0% (n=13) of completers.
Clinicians’ perception of the eLearning module
The majority (90.3%; n=250) of question respondents
(n=279) felt that following completion of the eLearning
module, they understood how to use the CPAx tool. The
module was considered simple to use by 93.6% (n=264)
of respondents; 77.3% (n=214) felt that they could use
the CPAx consistently after completing the module;
however, 21.3% (n=59) felt that further in-house teach-
ing is required and 91.0% of candidates felt competent
to explain how the CPAx score worked to colleagues fol-
lowing completion of module.
DISCUSSION
Clinical significance of findings
This is the ﬁrst study to develop and evaluate the use of
eLearning to educate clinicians on the use of a critical
care functional assessment tool. The use of eLearning
allowed widespread and rapid distribution of the CPAx,
accessed by clinicians globally. It also allowed evaluation
of the consistency of scoring following education via
eLearning, evaluation of the clinical uptake of the tool
and clinician content validity of the CPAx.
The between-rater ICC for CPAx scores was strong
and consistent between case studies, independent of
Table 3 Content validity index
Relevance of the level
descriptor (total n=273)
Appropriateness of the
Guttman scale (total n=266)
Number of experts
endorsing (n) i-CVI
Number of experts
endorsing (n) i-CVI
Respiratory function 265 0.97 n=254 0.95
Cough 261 0.96 255 0.96
Moving within the bed 257 0.95 254 0.96
Supine to sitting on the edge of the bed 265 0.97 254 0.97
Dynamic sitting 263 0.97 249 0.96
Standing balance 259 0.96 249 0.94
Sit to stand 263 0.97 252 0.95
Transferring from bed to chair 263 0.97 252 0.95
Stepping 250 0.92 249 0.94
Grip strength 192 0.72 217 0.84
s-CVI 0.94 0.94
i-CVI, item content validity index; s-CVI, score content validity index.17
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clinician experience. The ICC results are also consistent
with the previously published inter-rater reliability (IRR)
data on the CPAx, when patients’ were assessed in real
time following face-to-face practical teaching.4 This sup-
ports the use of eLearning as a tool for educating psy-
chomotor tasks in physiotherapy.
The ICC data may also support the IRR of the CPAx
tool in clinical practice. Assessment of IRR for critical
care physical assessment tools is difﬁcult due to the
nature of critical illness: if consecutive assessments are
completed in 1 day, patient fatigue may inﬂuence the
results; and if patients are assessed on consecutive days,
the clinical presentation may have changed due to the
labile nature of critical illness or medical interventions,
for example. If observed assessments or video recordings
are used, the physiotherapist does not get the proprio-
ceptive feedback, but they do get a consistent clinical
presentation to compare. Hence, all methods are prob-
lematic and it is the authors’ views that these data could
be extrapolated to support the IRR of the CPAx tool
itself.
Clinicians using the CPAx tool rated the content valid-
ity as high (s-CVI 0.94). This corresponded with the
experts’ (n=14) CVI rating in the development stages
(2-CVI 1.00).4 The high content validity is reﬂected in
the clinical uptake of the measure (76.7%). Most
respondents found the CPAx simple; useful for staff
education, clinical assessment and goal setting; and
responsive to change. It also improved clinical compli-
ance with NICE CG83. Furthermore, a recent systematic
review of measurement instruments to assess ‘impair-
ment and physical limitation’ in the critically ill
patient12 concluded that the PFIT-s and the CPAx are
the most thoroughly scrutinised robust measures.
Combined, these ﬁndings suggest that the CPAx is a
useful, valid measure that can be implemented with
relative ease and could improve the quality of clinical
care.
Methodological limitations
Although the ICC data are positive, the scoring consist-
ency of ‘dynamic sitting’ in case study 1 and ‘standing
balance’ in case study 2 had a two-point variation in the
IQR. This could be due to the breakdown of the CPAx
tool level descriptors or the use of eLearning as a
method of teaching. The wording in the level descrip-
tors varies in objectivity, for example, a hoist transfer
from bed to chair has limited subjectivity, whereas the
deﬁnition of ‘minimal’ versus ‘moderate’ assistance to
maintain ‘dynamic sitting’ or ‘standing balance’ is more
open to interpretation. This may reduce the reliability of
certain sections of the CPAx, but it is a common and
unavoidable issue in scoring systems of this kind. Also,
the use of a 2D image in the context of a psychomotor
action that relies on proprioceptive feedback for the
assessor—speciﬁcally when differentiating between the
amounts of physical assistance required for a task—may
have limits.
In the pilot stages, inconsistency between raters in the
sitting balance component of the CPAx score was noted,
and the pilot questionnaire feedback showed that the
amount of assistance required to maintain sitting
balance was difﬁcult to interpret from the video footage.
This case study was reﬁlmed with a different patient to
optimise the image quality and determine if the poor
correlation between raters was an issue with the
intra-rater reliability of the CPAx tool, or due to inad-
equacies of psychomotor education via 2D eLearning.
The response rate to the CPAx utility questionnaire
was 37.4% (n=336/899). It is possible that those with
strong opinions on the CPAx tool were more likely to
reply, representing a response bias.
Other factors that may inﬂuence the response rate
include one candidate responding on behalf of a hos-
pital team, and rotational staff moving into different
clinical specialties. Furthermore, the primary developer
of the CPAx distributed the utility questionnaire poten-
tially inﬂuencing the responses, however the question-
naire could be responded to anonymously mitigating
this risk.
Future research recommendations
Further research into the use of eLearning as a method
of teaching psychomotor tasks in this clinical specialty
would be beneﬁcial to explore the long-term learning
effect and cost-beneﬁt analysis.
A small proportion of candidates felt that the CPAx
was time-consuming, complex to administer and that
lack of change could be demotivating for patients. The
grip strength component of the CPAx was reported as
the least relevant component, with only 72% endorsing
its inclusion. The practicalities of how to implement the
CPAx efﬁciently, local factors such as CPAx data record-
ing, and how it is communicated with patients, exploring
the impact on goal setting and motivation, warrant
evaluation.
As the CPAx is now being used in non-English-
speaking countries with different physiotherapy prac-
tices, validation of translation is essential, to address lan-
guage issues and local contextual differences. It may be
appropriate to consider removal of the grip strength
component of the CPAx; however, this would necessitate
further in-depth validation of the modiﬁed CPAx tool.
CONCLUSION
eLearning is an effective mode of delivering education
in a large geographical area on the consistent and reli-
able use of the CPAx functional assessment tool. This
has facilitated compliance with NICE CG83. The CPAx is
endorsed by clinical users of the tool. In addition,
eLearning modules may have utility as evaluation tools.
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